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Enzyme actssrtt:es

‘.topmflng systems

Semiarid soils

Winter wheat—fallow (W.—F( rotat.ion is the predominant cropping system in the Central

o e P a r Hoyr a nn systems are ‘-so” r a so e reduced ege

sn-I (shoot’ car prowler mrre iesldues ‘hat can increase son nsganc carbon ISOC1 content

and other parameters reared to scsi ualitv and functioning Tins study compared the

mrcrc-blal biornass and ccni!srun:ty comrrositic-n and enzyme actv:tIes under native pasture

and re-search plots under gso and different crop intensities (Cli estatrirshed fat iS years in

Akrors Oct The soil (Weld loam: fine, srrrectrtic. rnesir Andic i’alrur.toiis) was under altar

n arose Ci motatrons ion and 67”,to fwiriterwheat (l’nt:canr arstsssru L) Wl, corn lZeu mays Li

(C groan millet t-ar:rarrr wriacrarn L iiMl, and fallow if) under no-tRiage intl compared to

rue topical 500 rota tiri: :,0---fi nnds tither conventIonal P ac ioU sud nt. Relatrve to

C—M—lJi sod 0- F--WI Cl rotatIons Increased SSI rnirrobral %crnass C

amass plots showed Debar .scil M.BC up to 2—S-fold anal 1,4---1-fcl.d when compared to the

cmoppi.ng systems at 5 con, rsspec.tiv’- y. Similar trends. were toond for MEN and several

enzyme activities. Enzyme act.ivi.tiea of C (8-glucosaminidas . iS-gsu.cossdase, and o-galac

tosidsse) and P cycling isikal.ine. phosphatase, acid phosphat.:ass and p-hosphodiesterase) as

a group separated the, 2011 and 67% CI rotations from, the 50% Ci rotation fW—Fct) at 0—S and 5—

15cm of soil. Separation in these enzyme activities was c’hsc’rved for rotation-s sampled

under a crop (W—C—F) c-ompared to when aarnpi.ed und.er fallow (F—W—C). Principal corop-o

nent analyae.s (PCA) ot fatty acids methyl esters (FAME1 suggested a shift in the microbial

community structure with greater fungal populations in pasture, grass, and Cl rotations of

100 and 67% conspsrsd to PC—tot, ‘the sum of tunes) indicstors (18:2w6c, 18:3,6c, lB:lsaOc,

16:lwSciwaa significantly ccrrelated is ;o 060-P a: 0_OS) to- 0--siurrsaminidase. )i-glucosidaae,

acid phosphatase and s--sslact.csidase activities. After 15 yesrs cur rsrsults show that the

combinatior, of no--rillcss :5155.1 continuous croppi.cg wi.th re•riccs-rl iallor,v frequency in two

sltern.ativss (100 and 6 ‘755- ii :crstions ((or the Central Crest Pie I’ have had a positive effect

a 1
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1. Introduction

Winter wheat Triticum oestiuum L}-faliow using conventional

itlagei neco’ Tonc-sping sem rheti tra C t

ti/omin, South Dakota, Debraska. and snare in the Un.ited

wi-tsr to accumulate for winter wheat because water is a

limitl.ng factor for crop- production in this region. However,

eer”rr r t prre macc imp redu re or re na1

of lrcsnio inattr—: :t1 OMo 1: dbb.

Conservation P rer-/e Program %.RP) was .initiated. in

Centrs.l Great Mains region by the conversion of thousands of

acres to grass land to increass 5GM accumulation and reduce

soil erosion loersona.l co.mmurdcarion, National Resources

Cortservation Service, NRCSI in addition..

incorporated increased co pirt :ntnnsty and

tillage practices in .search of more sustainable systems to

replace winter wheat—failcre under consenrional tiilage (Bow

manetad, 1999)AccordingtoAndersonetai, (1999), arotation

of winte.r wheat--summer crop--fallow has proven productive

with summer crops such as proso millet [Proicuol miii3crUfli P

I et C u -

grain, sorghum [Sorghum bi.color N] planted after t.he winter

wheat Norwood et al, 1990), In addition, eliminating fallow in

i.onger rotations such as winter wheat—corn—millet also has

been successful, especially under rro-tihl practices (Black et al

1981). In companson to rhe conventional winter whear--faliow

(V/-fl rotation, the alternative rotations of winter wheat-

summer crop—fallow and wheat—corn--millet can increase land

productivity and reduce financial risk (Dhuyvetter reaL, 1996).

However, the productivity and sustainabiliry of a system- are

also affecterl by numerous complex mreracttons related to so;l

51 ,.re i

ric-cherrical oropertiesi,, which have not heen nrrensvelv

investigi-ited in this region.

Research plots were established in 1990 in the semiarid

region near Akro-n, Colorado to compare the sustainability arid

prc-ductivitv of different crooc-irip intensities (Cd against the

c.onven tic,na winter oeat--tsiio-w rota t.ion - Ph, e Ci

divided by the number of years of the rotation with each entity

assigned a value of one. Therefore, research plots in the

ms ra1 rear P ns pare 1prcal tattoo sac0

C--M) representing 50,67 and 100% CI. Thus, the 100b- Cl means

rh-at rh--crc-. i-s no fallow i-.n this rotation- and there sl-iould be a

crop harvested every growing se-siren Previous: stu dies found

the 50% CI rotation 1W—Fl at -the sod sorho 5 cml after 10

years of the establishment of these researc-h plots (Bowman

et al -, 1999; Gaida et. ad. 2001). Howe-ver, ti.ere. were no

differenl as in SOC be--tween a 6W.. Ci rotation 1W—C F; and Silt-S

er 1mr no , c

periods (roe (Secali-: terealc)--cotton--wheah-fallow) in semiarid

soils fro-m West Texas (Aco-stmMs-.rtlnez et ad, 2004), However,

differences- were hound in soil microbial bior-nass and- enzyme

on rho crc wnen the sanap-le was tiiken Although

p lots i-n the Central Gre-at Piafns semiarid regiot---, there is not

enough informatic-n about the soil microbial communities and

p-r-oces-ses i.n rot-a-t-ions with different crop and fallow inten

(iotlity. 7:ois mfcr -littOn may be used t-o compare manage

ment practices to improve soil quality and functioning in the

Central C-teat Plains region..

The mum a i mun m and octior ug m is

oisrtges tllcV exo-on once arc Iikc-iv rc-IIc’cted ro the functional

integntv of s-oil Uris-a rn, 20011. Ic mi.crobiai community plays

a key role in soil aggregate stab.ility, soil organic matter

formation, and the potential for substrate rnetabotisrn from

the degradat.ion of plant rer,idues organic amendments, and

xeriubtoncs Thus. inferniarron of the sc-il mit robiai comrnu

nines and processes ca-n- be related to soil functioning. or,d it

can provide a.dditiorial information helpful in determining the

productivity and sustainability of a system - We hypothesize

tha-t increasing cropping intensity while reducing fallow

frequency will modify the soil microbial community composi

ticti and increase the microbial bromass and enzyme

activities. We believe this is especially true for the 100% Cl

rotation compared to the 50% CI rotation, due to the changes

already found in soil organic C between these systems, but we

are not certain if there will be differences in these soil

propertmes between the 67% Cl rotation compared to the 90% Cl

Forefc-re. the current study measurerl seiected soil

ouaiitv oarameters sucn as the soil microbial brornass C--and N,

m.i..crobial community structure, s-rid seic-cted enzymatic

activities involved in C and P cycling after 15 years in

alternative no-tillerl tOO-% Ci rotation of winter wheat-worn—

millet (W---tZ’----I-sfl and 57% i__il rotation of winter

5 -and 5—-i-Il c-m depths This study also cc-cr pared th,e data

generated from agricuitu.rai p-lots- with long-term undisturbed

soi.is undisr grass for 15 y-s-v--s and native posture

2. Material and methods

elevation is approximately 1400 mmi. The site-h long—term

annual average precipitation Is 420mm with 80% occurring

berwe-en April and Septer-u her About 2511. of the annual

auirimne-r iionusi cr00-s. ,‘ aoro;se Iwo rsirnosrsrure -o-r roe- va-ar



43

Table 1-Description of cropping intensity and crop
sequence

Chipping mt nail (Cl)%

50 itO-tot: itJ—Fnt

SW ‘OJ-T—M, 0V: 5—50—0

The 100% Ci rona tot there is no tattOo in this or ration. and

there shout-h be. cro. htflvtOted every growing seaeon,

W: a. heat; F: fallow; C: corn; N: millet; Ct: conventIonal ti.liage; nt:

no—tillae. All .rntations :e u.ndem no-tillase except that wheat—

jr-earsidsu So S n nn tiWse and

9 C, ranging from -—2 W in January to 23W irs July. The

research oi.ots were established in 1990 under various Ci that

irroso mulct lie icon: u:iOcer’:. Sallow,

Previously, the land was cultivated with the common rotatio

for the region of wheat—fallow, The plots were established in a

completely randomized block design with three field repli

cates of different cropping systems and an undisturbed grass

system. The size of the plots was 91 m * 30.Sm with a 15,2 us

alley between replicates. The dtferent cr0 in 000ences

evaluated in our study are specified i.n Table 1,

The agricultural treatment plots were compared with

undisturbed soils under pasture and the grass plots part of

the study The native pasture site has a mixture of bluegrama

lllourrloua 9raciIis) and bulfalograss (Bt5rhico ductyloides), which

was adjacent to the experiment hefore the initiation cd the

research plots. The grass plots ere planted with smooth

bromegrass (Brornus inerrols). The pasture site and grass plots

were not grazed or fertilized. All. the crop rotations were

conducted under NT practice except the traditional rotation

SW-—Fl that was conducted both NT and ;OF. br:efiv, C:

oonsis.t of rruxin the top itt cm oh coil by three re cix sween

plow ope-rations as needed for weed control during failow p i-or

weeds were controlled during the fallow period for NT by

repeated applications of glyphosate at 368 p ha “ I Prior to corn

idlarsti rip, weeds were controlled by using a mixture of

a

mine) 3-metolachlor 2-chloro- 6-ethy(--N-(2-rnethoxy- 1-

rnethylet.hyl) aceto-o-tolu.idide)) a.t 368 g ha°, Glyphosate at

368 g h.rt was used for weed control before millet and wheat

broadleaf weeds. Fertilizo.r N (ainmonium nitrate, broadcast

before planting) was applied to each plot acco.rding to soil tests

i-arr ecu7 aid cte e° cc S C

According to lOads e’ too .(ioio. .1, toe o oil 00.10 .c,er: :-:tv 050:050

in the plots from L3S to 1’87 p cm , and soil texture ranged

from 37 to 39% sand, 39-41% silt, and 22—23% clay at 0—AS cm

Bowirtat.: et al. (1999) renorted t.o.:..ik dens.itv was- in :sverags.

sitS co-(enua.i sos: Ag ...ii:iiotis .11521.1: Sisoesooi 0

the plots, showed t.hat soil pH range d in rho plots from 4.4 to

5.8 for 0-5cm and from 5.1 to 6.1 fdr 5-15 cm depth (Table 2).

Significant differences alrei.tdy exist for soil organic C conten.t

0-er the 100%. Ci: otat:on compared to 500/, (11 rote t.iot:

5.0.11 samples.: were taken in March2004 and 20515 representing 1.4

nvernonde. the Si.r:stors’t:. ii.ated in

speedier: toe loop under wbicb the so sornrs-ie was

Samples were taker: in 2004 from pit store (P1 and from selected

crops of the 100% CI rotation under NT (C—M—W or W-C—M), 67%

Ci rotation s.mder NT (O’—F--tV or W-.C—F), and 50% Ci rotation

mdcc oiftereist im5e: Oractiles :Vr-’. Put. or trJ....t’o-:i In 2005 the

sis:oles ‘ye-re’ taken outlet mill crops plots.) tromn the 1552% Cl

totation under N’) (C-—N-tO’, 10—C--N, and IA 101W) 170 CI

rotation under NT (C—F—Al, ‘31-C-F, and F-W--C), and the

conventional 50% CI rotation tinder NT )W—Pnt and F—Wnt) or
00 (W—Fct. and P—Wctl, Samples were also takers from

undisturbed systems such as astute end plots planted to grass.

Fach ear a composite scruple that comprised of 1,0 cores

(2,54-cm d:ameter) (Qakfield soil probe, Forestry Supplies, Inc.

Jackson, MS) was taken from each treatment replicate at 0—S

arid 5—15-cm depth, Soil samples rere stored in a sterile

polypropylene hag kept-cool using coolers during field

sampling arid stored at 4 C in a walk-ira cooler after collection,

The field-moist seil samples were then s-ieved through a S-mn:

mesh screen to remove stones and to homogenize the sarriple

and stored at 4 -C until microbiological analysis were

conducted the same month of sampling.

2.3, Soil analyses

M:crobii ‘ciomass, C (NBC) and N (MBN) ccnte.rmta -were.

de’tetmined on field-moist soil equivalent to 1S-g -oven-dry

-we-ig-ht by the chloroform-fumigation--exi-raction method

us..irsç 0.C- lv 10,50. as an e-xH aotan t (Vance st a).. 1987’). Psrief’c,

ModelTOC-V/cpjs-TN). The non-fumigated cc-ntrol veiueswere:

subtracted from the -fiamigated values. The NBC and MBN were

i-u ated tong r fcc r of 04* 0-u 00 j990 ard s

105 A for- 488.. Only the 2045 samples were analyzed fo:

microbial jiomass,

Fatty si:ids were extrooted fr so the soils using the

I ) Bn j he ‘bod ‘isis s fours s 4t ur4c

tion of fatty acids o-f 3 g field-moist soil with 3 ml. 3,75 N NaOH

I se’ ate sur pde sea 0 C) 0”s i



Table 2- Soil chemical properties of the different winter wheat based rotaticns
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Fig. 2 — Principal component analysis of soil FAMEs

indicators of fungi (18:1n9c, 18:2oi6c, 18:3w6c and

16:lo5c), and bacteria (15:0, alS:0, ilS:O, a17:0, 117:0,

17:lta9c, lOMelG:0, lOMel7:0, lOMel8:0) under different CI

rotations at 0-5 cm depth after 14 (2004 sampling, A) and

15 years (2005 sampling, B).

Stetisricat anIivse-s. msicdine F NOVEl, and uncap sepalatiun by

least sienificant differences (LOGO were performed tocornuane

undisturbed systems (pasture scsi griss) and different rota

signiflcs.n.tly diffe.rent at P <0115 unless noted oths.rwise,

Setected soit PIMP markers (Frosta’lrd and 011th, 1016:

18:3p6c ansi 16c1,Sc) and bacterial (15:0, alS:0, P15:0, oli:0,

117:0, 17:lwOc, lOMel6:0, lOMel7:0, lOMel8:.0) popsla.tions

using the PRANCOMP procedure is: 5115 Sc compare the

microbial community composition in undistuibed systems

31. Microbial blomass C f’MBO,) and N MBN,l

:

<5 Pasture

U 45 Grass

5/

0<

2 ti-S

3. Results
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Fig. 4 l-G1ucosaminidase activity as affected by different

CI rotations at 0—5 and 5—15 cm depths after 14 (2004

sampling. A> and 15 years (2005 sampling, B). Grass

systems were only sampled in 2005 (B).

of the systems was observed Simfiarly, the PCA for the 200-5

samples (0—5 cm) showed a separation of the soil microfial

pasture ann grass compared wcrp

•rot.ations sarnied under corn (C---F--W, C—M---W) and those

samoled under wheat (W—Fct, W—Fr.t, W—F—C, and W—C---M)

(lOre 2Bi. in uiduon. them was a separattr-n of the toil

microbial communities under the 50% Cl rotation (W—Fct) from

ot.her rotations. Gener-a.l0- there were no sien.ificant differ

systems at 5—15cm depth (data not shown). -

There were no sienificant ff.fi.erencea in the numb-er of

F.AM1.-a). and t.he differences among systems were due to

c-f au. FreMb bacterial ind.icators werE-- higher under pasture (up

to t7%old). -ass (uc to 1,SCoid(. and, the- longer rotations

S
—

foid) compared with wheat—hallow under CT and NT practices

at 0-Scm (Table 3). individual bacter.l-.al in-dicators mb

7:0 were it 0-aer or item 07% tOE rotation

when sampled under cern. (CM—Wi compared to tho 50% Cl

il--Wi order CT and NT a rae tices

Tb- torn c-f (bum hTMl tungai :ndcstc

1it:3rrhc and 18:lro0-) was higher in s-oils (0—5 cm) under

when the: samples were lake - under corn, a I ut: to 2.% frill

Of e- o e5° C o r he t I hr u3 no so



Fig. 5 — Threedimensional plots of C cycling enzyme
activities ((l-glucosidase -galacosidase and [I
glucosaminidase) as affected by different CI rotations at 0—
5 cm (A> and 5-15 cm (B) after 14 years. Pasture systems
are not included.

thriificant. t:hesursr of tira.. toiL I nrss± FAMEs was higher i.ri. the
100% Cl rotation comoared. to the 50% Ci rotat.ron, and in the

Cl r±rtauon under corn IC C-VS tha.n under fallow (F—VS—C)or wheat fW ‘0L The sum of 5d:lnVc rood 16:1,slc was (sieher
(up to 1.77575(d) in anile under the 700 and 65% Ci rntl.sti one

The on trasre Is p cc u C

55 Sngher in tori: under the undisturbed systems posture

ol.

n,,n. [51 lo’e 50% Cl rots hon 755.51 65.45±751.
and in the 65% Cl rotation samried under corn

56e ant r es 01 50 1 p1 in ‘ IL n
—

rridsse 11±7g. 4) were. h..ighec in Sc 34 i.h.acr in 2005, w.Loen lower
sod. t t•o.sr±± r sto..res occur leo. 0 5004, the activity

of )i-gluoosidase was hi.her under pasture compare to th.e
ci rotator nI; 1:3.7±7 Icr 5V-•-C•••-ki. to f,t •lIJ...r.Ot) at 0--

5 cm d.epth (Fic 3751. it-Cl.ucosidss.e activity at 0• S 1±0cc pt.h
tended to be higher under wheat resi.due in VS—C—F (by 33%)

C-’ M lIly 1.50 tIiO n under un nser010e in C . F 51 and
450W, respectIvely, For 2005 samplinrs. thi±re were no differ-

or f...5i’uO.C..’[.il ±rct.ivr±v’ oetween gass ano the
rot C I’ll ±5 500±0150 1±01±151 0•.t- 551 0 1.1 or ciet. th

..Sib. 1-towevor. the cc t.ivi.t of th.is enzvzc., cocoa. trigirer146±74) u.r±der corn (C M—Wl on.rnpsred to when scrupled r.rnuerunSet (75—50.-Cl i.n the 1.0±775±71 rio tiriic’rn, ar±d higher (27%) undercurio IL 1751.55 . t,rran wnon eamtrleu u.n tier tar . ow iF— nv-los r tire
o C r rt to n 2± ‘05 p urn Mrs ct ci v is or e r tIetp.Icai 5072 Cl to lotion u.ncier convet ,t.rurn•s. till.oge (F—Wct)compared to th.e al.ten-±atlverct±.rt.iona ails-S cm in 2005. TIllagesrginifrcrrntly affected P-giucosi rose rscticiry. where it w sslower tir CT ‘(‘si’ SIT at FOSs Ci rotation r.n

ar.±nrp±rn7 but, lorry at. th.e ±5—S cm depth. There woro nodifferences in 5.. iuco-eidas.e activity anrong the systema ato 10 cm, except Ic r 0005,, wnere higher enzvrue actrvit. woe
ft und under pasture compared to the agricultural systems.

Soil L1g1uco anrrn,dcrs act.ivrty showed the’ .aanre trends of(I. lucosrdase activity (Fig. IA and 6), This enzvnoe ash ‘.11117 alsosh,owed Increases with the decrease of fallow periods in therotations for 21205 sarrr pies (Fig 461. The enzy?rie actrvot±esshowed similar trends, and thus, three-dimnerrsional plotswere prepared for the three related enzyme activities as agroup (Figs. S7)

Generally, the three-dimenSIonal plots were presentedwthuur the pasture or grass systems because they alwaysshowed higher enzyme activities compared to the agriculturalsystems, which mask t1±e effect of rotation, The soil C cyCl]ngenzyme actIvities ;g-glucc’srrn’iinidase, e-g1ucosdase aridgaIarrtosdase) as a group showed a separation (loweractivities) of ‘51.-For and rotations frorrs the 0dm!

IfUC
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Fig. 6 - Three-dimensional plots of C cycling enzyme
activities ((l-glucosidase, e-galactosidase and 11’
glucosancinidaae) as affEcted by different CI rotations at 0—
5 cur (A) and .5—15 cm (6) after 15 yeari.. Pasture and grass
systems are not included.
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nba itH
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5151\ u
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Fig. 7 Threedimensional plots of P cycling enzyme

activities (alkaline phosphatase, phosphodiesteras, and

acid phosphatase) as affected by different Cl rotations at 0—

5cm depth after 14 (2004 sampling, A) and 15 years (2005

sampling, B). Pasture and grass systems are not included,

rotations at 0--S and i—iS cm dsptha. iFig. OS and it).. For the

2005 sampies collected at 0—5 cm depth, there ware higher

activit.iea in the 100% Cl rotatiors Qc M—W, M—W—C) and 67% Cl

rotation wt en oar’. clad under corn (C—F--.bat

rotations sampled under tdi)ow iF- Writ F—ba—C anti F 71cr)

For sastapies coHen red 5’ a cnn deth to

following separation of the enzyme activities was observed: C—

M—W. M—’77--C> C-F-ba, F—ba-C, F—Wnt F 55755 (tie. 66).

Thr: three-dimensional ‘ia for the soil F cecline ensvrnee

or e 5

terrace) cnn mFis- 5 -west onrnnnem: in me 5651 ci rotation nu

Fet compared to the other ro tations ato—S cur in 26554 (Fig. Six).

The tieme plots for samples taken in 2065 showed similar

trends Fi. 7t.O Th.e ssm-e trr- ods wets found for sanruies taken

4. Discussion

popuiatmn sire ansi enzyriie activitbes hr r this soil whe- n

compared to the agricultursi sstenrs. Sincharly, ottier studies

hass nono i-’her i—5m ti P ss oases sat osas d

positive impacts of the surface cover, vegetation, and lack o

in native pasture observed in our stusly were class to the higher

SOC and total nitrogen )TN) oompared to t.he cropping

syatenss. Th.e grass pints were established at the same time

undistutfed ssutens. diverged from a siticultutal aystems after

15 years. TIse grass systensis showed lower SOC, microbial

hiornass: and curry-roe sctivihes than nathse pasture most likely

due to sliffiarenoes in their root svste mc and root >n.adotes

— 5- 5 5

:-sars: csimp’snso to pasture. However, themes uvere.

signiticantly higher Is! sc, MEN, enzyme activities arid micro

bial community shifts on the grass sods compared to th.e

Otootrint’ svrrerns wh),ls- SOC war. not alwovs sienifl.eantiv

s:iff,,reu,t.toc-tw-con thusesvsts’rns cur findinss demonstrate

the setnficanr irnp:ae tsu of soil orgo.ruc matter quality differ

ences between systenrs for sustairrfng different levels of soil

microbial populations and enzyme activities. These findfngs

are due to the beneflcial effe-cts of greater grass root hiomass

and s:u.sface; cover on the- soil-i mscrot as cornrnunstros com

oa.red to the- wsntess based rotations e-soecsllv those with.

fallow pehods.

The combinative of eo-ntin ut-us cropping (100% Cl) and NT

practices in the W—-C.--M rotation chringes water relations

compared to wheat—falle,w under CT IW--Fot) by maintaining

more cm reardrre and mild temperatures on the soil aurfaoe

(Nielaen et al., 2005). The combination of NT and Cl greater

than 5 0% could result in greater residues and root densities

that promoted the higher soil microbial biomass and

oo.r-nnn,o,not shifts Sound n our stud Prevsous research

roported the-t crop rotation syarems pmnvide greater amounts

of plant residues of varying siegrees ct decomposability tisat

would i upport greater microbial populations and diversity

riompared to umonoesslture conti.nuoors systems (Miller and

Dick, 1665: Friend em cii.. 1226: tt.ohins:on em sO 2666: Moorns

al., 556-6; tiigtier sou MBC and MEN associated: with higher

nmopruirusl i.nntesisrtv :5:56 tO- iii) were 50.50: in o.gre:ernr-rrtwitri

greater p’articu’iste organic matter C (tOM—C) at the same site

a—. fter 7 years of tOe establisheoant of tbe plots (Bowman et al. -

tkPgi_

irstensive cropping (16:0 and ii 754 Sr otations) was probably

-due to increase-d SOC over the- 15 years of the plot establish

n-scot. Ti-sese 6.itSings- t-tcsr of eooiogicai: sigrdficminoe because rust

yisars ihown--asn sit ah, 1,55251 arid 15 years of thsu estatSiishm-eos.

n-F mt-a rotations (Table 2)- The- in-crease in: microbial popuia

tions mss’ar the iS years with: the intsmnsive motatio-ns hss’e

r:e:-astt5’ srah,i)mm ci a-s. toe- SOC c::rsrnsns increassd The ehs.nosus

i_ri sever-au kin,’ enzvm-nes irs a-oil processes, which were:

e:vaiuate-d in tb-is study, de-nsonstrare the higher nutdent

on5 mut ietoyr nosn sssu’-5 rthe oesr-ns ar5
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The settar toot ob;erved in PC.As for anctarurrred svstenirr

ttet:oe artS or east arid s irer nativat r orations iiittt sod S/A Ci)

from the 50% CI rotation (W—Fnr or 0004cr) was due to

differences in FAME markers for fcingsi md. bacterial poouirso

ons. 5 0.0 greater onayro 0 00 ivirtos moO s torts

ornro.umt thor we burnt in tints. .stu.C oeonurtsrrared.

beneficial offects in soil microbial functioning due to the

a

er aS, 2001).. Sirn.iIar to p-revaous findings, significant correiro

boos ft 0/fOr P 0.05) were found between. the orn of fuopal

ooiOettOre )k:2a-0c, I So/tOe. 5.5- lS*tst Sri: anti the sorha

fries of )Agiucoesmioidsse, b-t)ucoeidase acid ptiosptstsso

and r-galactosidsse (Acosts-Mortines et ab, 2004). Frey or rib

ft99-0) reported tbst tbe creator srocrinr of fungsi oboe

co-tilled rce-csyorPcos could be berseu.ser 1) rho redurosri

distuibance facilitates establishment rind maintenance of

sxrensve otrphsi ue:wurks id/ardie. 1/Oti, sod ;2) funcsi

ruvcelcd giowttr sun oridge rho r-oh--resido,) mterfsce sod

ubbse the spatially separated C and N resources by the

transhocatioo of N frrr,m the coil. inorganic N pool into the C-

rich surface reeid.uee iBesro or uS, 1902) TOe fitcher abundance

of the FAMEs ISrlw9c and 16:lottc in the undisturbed systems

compared to fhe agricultural sofls sod in the alternative

rotations compared to tbe 50% Ci rotarmu te of ecoiogicai

significance as rhey have been suggested me mycorrhisal

indicators (Olsson, 1999; Madan er ab, 2002). The fact that

rotations sampled under corn, which were previously under

wheat (i.e C—M--W), shcwed higher abundance of those

mycorrhizal FAMEs than when sampled under wheat (be.,

W.-C--M) agree with MIder er a 1 (2000), who detected

maximum AM frmgal structures iO wtieat roots it plant

maturity. Generally, wheat is planted during September to

establish a stand and begin tdlering activity before winter

causes dorruancy, sod thus. wbcsr -nsa out roarure enough to.

establish ruvcorrbizsi aesuciauune. that coulu be ueterreo 1ev

our soil saiuplirr.g in March (Srromherger et ab, 2007k Never

theless, our findings d.emonstrare rtuit a management bietr.s rat

s.f alternative coobuuo.ue cropped wheat based rotations

enhanced mycorrhis.al associabone. Improvecoen t i.u plsttO

crrycorrhisa.l associations is beneficial in eern.iadd and arid

r.u.aircrrrmeots, erich as rho Ceo.traibreet Pie.i.rre:, where soarer

a iimiratdoo for ‘tvtteot rroOiacOoc cC -Or 5//s talE data. eugge :1 tb.5at

plaut—mycoerhiansl sesociabons coui.d have contdbuted to the

55/) ar-auuaiiaed vie). ri hacreaee the roOt: iS) rotatio r•r tha.t

h’ rtto’t. 510005 Oi.nrOa.r 0.00t .50: /55,.,

a stued comparing winter fallow syatecos with cover-cropped

s7’eten.te. recorred. h’iehe.r funeral and raven tarotoarasn FA7dF

oa ardors in iSe.: r.ovcr crra-r:r.a-orl .-%te- dun to an snore—ace in the

scuouo.t of residue incorporate-sri sod marie sve.hsi./e for fun.goi

geowhtt (Schutter et al0 27/01%

to the 50% CI rots.tioo und-er NT WLFnt) auggc-et the fie-coficial

icipacta of no- ti/lage- for a r.chesr—fa.llo c rota.-tl.icart .

oil hreror’a-er sod F-Mit r’aetrkere did tot

between the wheat—fallow rotation under C-T’ compared to th.at

under SiT. whde etudiete fir’ Mikhr. (personal communication) ho.

h/-F corn.pa red to C - Otis er et.s.acboer ho ‘e Oero.ora. etrated cia

r.rucn.stennr/r,ai:c.. in at-,ite

dectorrnp-oaihaan prcaducrs c’nd roochsni-cai binding of sob

par cleans fangs grov rh1b urh nd 00sgp 900 Ou fi a nga

ahowi.ng thor reduced c-r cto-riib’ so rum raa.geos.enr coo increase

funpal popuiahons, a major cc-mponent of rho micro.b’iai

05 it: itt :sra.laie ao:iirs /or-t Si rts.c:n arid badrd, 11/P.!: bonn edo’

mar’ have heen cerrsdn gr-po of Genii not ropresentn d by rho

FAblE m,arkers, which cootntautod- to ag.grogcste annatnon and

atr’bi iia’.atitau u.s v-°na iaitraa-v :tosj0r NT corn pared to

Nov’over, in coutrast to rise soil rrdcrobial hionsass and

community composition data, higher onsyme achvibes were

c-heervod in winter- iobow uudrar N’F compared tea nSf’ t/c’nersiiv,

%nattrc :/iotc.i was pro-virausc./ ob,cervnd with NT rnanctgernont.

practice in the same plots by Anderson at aS 119951.. increases inn

pla’or bionaass return arid in roat density cou.ld have increased

t.he oucrobial tmtca’aa temporarily to- fIn no—tilled wheat--

fallow rotatioo.s possibly increasing the toral rnnsiduo deconn

posnrnoo-associated eosymes in sod. Numerous studies hive

reported the houe’ficial impacts of crroer’rvotive huge naaoage

moor on soil organic (i’ (Fransluebbers of aS, 1995), enzynte

activities (Acosta-Marrines and Tabarabai, 2001; Acosta-Marri

of ai , 2905,1, a no intcrubiai biomanis and community

c,tructnre (Augers er ai., t993; Franziuebbers- et 51., 1994, 19515;

Fre.y of aE, 19-99; Pankburst of aS, 2002), Thus, our findings

suggest that the negative impacts of fallow periods on sod

microbial communities under a wheat4alluw rutanun cannot

be overcome bythe application of conservative tillagepractices.

In our study, the soil enzyme activities and some of the

FAMEs were eigmnhcsnfiy (P 0 0051 affected by tire particular

crop that was irs rotation- when the sanspie waa taken.

However, this trend was not observed for the soil microbial

hiorriass. Bc’tia ooicrrabiai biramass rend ornynso activities were

affecred 1ev the crop rape in a re-later! rstudv in- Ot’cnt Toxas, tnur

the aoii had higher clay and SOC contents -than rho soils of our

study (Acosta.-Marti’noe or rib, /0M). Other rttudiras have

reported differences in so-h MPG- sod MBN as affected’ by the

variations: in tine coocontratiocus and typos of) organic

compounds released by the roots of diffororst plantra (b-.ynch

at 5—15 cm depth- after 15 years, but tb-c enzyme activities

rebeteot nra C ar-ad P c’co) ti:: tatil! showed. se’oaration iso three

goductoras in in.icrobisi; po-puistions have h-oat-ia found due to

rho d,ocre:ssoaa in water avail abiii.ty, onrygera, arid subshnntes

tuft.), to taai.crohi.ai fii,aarnaaaa 0-’ die. eaa:op rotations stud.ie-ai. a:t the:

hewer sob- doprh is due tci tao lack of: rbiso-sphoro offOct d)uring

i5rup---acts o-f the fsh.ow pnriods 0-nt. the microbial pop-uiatio-ns

thai,’-:. oct aanzvrno toc-tivitios. The: hicalaer sone_it:ivitv of rho

ca--toesgertaerat c’vairi,sted rnti’- cci cit

ir:ocriuso the aaasayat curt-nanny availal-le stats dotec-t. non only the

c co° tsr syr0e ar iert/ floe i50 boa tiv v ornsy pea

:esoa--ac-5r:::aiaa aari;:r. --tenets i i°-- iaata-aat.i, t.t/OCs ar.caa i-ste-- t/..ar--tsu r a. cc
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